While investigating the effect of the environmental temperature on the cardiac output of man, it was observed that the values obtained on a subject who, several hours previous to the experiment, had received an injection of typhoid vaccine, were much higher than the values which had previously been obtained in repeated determinations on the same individual. This unexpected increase in cardiac output was attributed to the effect of the reaction to the foreign protein injected and it was thought worth while to extend the observation on a number of other individuals. The problem seemed of interest because it enabled one to determine the reaction of the heart to slight degrees of malaise and fever. Since the nature of this reaction to foreign protein, as observed after the injection of typhoid vaccine, is in many respects similar to the reaction following certain infectious processes, the results should also throw light on the cardiac changes which might be expected to accompany these conditions. Exact data of the clinical variations of the cardiac output are extremely rare because of the great inaccuracies and difficulties which attend such determinations, and hence any additional data bearing on this problem are highly desirable.
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METHODS
The present determinations of the cardiac output were carried out by the use of acetylene (1) in the method previously described (2) .
By the use of this gas an extremely high degree of accuracy is easily obtainable and the results quoted should not be in error beyond 4 5 per cent.
25
All of the subjects used in the present investigation were young, healthy medical students, who were sufficiently well acquainted with the general procedure to avoid the vitiating effects of any excitement or other psychic disturbance. In all, except two, of the cases studied data were available for the values of the various functions studied before the injection. The control determinations on any one individual were always made at the same time of the day as were the determinations after the injections in order to avoid any diurnal variations of the cardiac output. After at least one-half hour's rest in a steamer chair, the various determinations were performed, with the precautions described in previous studies (3, 4) .
The subjects for the present study were selected from those who had shown a rather severe reaction to a previous injection of the typhoid vaccine. Except in the case of subjects 6 and 7, the results refer to the effects of the second of a total of three weekly injections, in which one billion typhoid bacilli were injected in the usual manner into the triceps muscle of the arm. The results on subject 6 were obtained after the first of the three injections (500 million bacilli) and those on subject 7 were obtained after the third injection.
In calculating the cardiac output during fever, it is necessary to take into account the diminution in solubility of the foreign gas used, as a result of the increased temperature of the blood. As previously noted (1) the temperature of this blood is not exactly known but has been estimated for the normal condition as 37.5°C. The temperature coefficient for the solubility of acetylene in blood is about 12 cc. per liter per degree centigrade (5) . Hence, by subtracting this value from 740, the solubility of acetylene in blood at 37.5° (6) , for every degree centigrade rise in body temperature, one obtains a value which is to be substituted in the equation used in calculating the heart output during pyrexia (1) .
RESULTS
The results of this study are given in table 1 . The most complete series of results are those quoted on Subject 1. In this case determinations were made at intervals during the first 24 hours after the injection. This subject had a particularly violent reaction to the vaccine. Two hours after the injection (table 1 and TABLE 1 The efect of the injection of typhoid vaccine on the cardiac output, pulse rate, blood pressutre, temperature (oral), and oxygen consutmption 4 At the time of the second determination, the subject was feeling quite ill and all the functions studied were greatly elevated. The third determination on this subject was made at the height of his illness, 12 hours after the injection. The subject was practically prostrate. Although the pulse, blood pressure, body temperature, and oxygen consumption were now at their maxima, the cardiac output was greatly diminished over its previous value, when the subject was less ill. This change was brought about by a great increase in the oxygen utilization of the blood. This also occurred in the case of the other subjects studied. Thus in the case of the second experiment on subject 2, the cardiac output is slightly greater than that of the third experiment although the malaise, pulse, fever, and oxygen consumption were greater in the latter experiment. It thus appears that the change in malaise and pyrexia and the increase in cardiac output do not occur together. Instead, the greatest increase in cardiac output occurred soon after the injection when the pyrexia and malaise were at a minimum. About 15 to 24 hours after the injection when the subjective feelings were severe, the cardiac output showed lesser changes than it had previously. We HOURS FOLLOWING THE INJECTION OF 1 CC. OF TYPHOID VACCINE The axis of abscissae represents the time of the day in hours. At the point indicated by the arrow (11:00 a.m.), the injection was made. The horizontal portions of the curves represent the normal values of the various functions studied as found previous to the injection. The cardiac output is expressed in terms of liters per minute, the oxygen consumption in cc. per minute, and the temperature in degrees Fahrenheit. The subject's malaise followed the temperature, pulse rate, and oxygen-consumption curves, being at its maximum at midnight, 13 hours after the injection. The malaise then subsided but increased again during the following morning and continued throughout the following day and night with a fever of over 1000. the injection of foreign protein causes at first an increase of the cardiac output which then partly subsides during the later stages of the reaction when the subjective feelings are at their maximum.
These results as obtained on subject 1 duning the first 24 hours following the injection, are graphically represented in figure 1 .
In (table 1) . Except in the case of subjects 1 and 2, the data were obtained in the morningon the subject's arrival at the laboratory in the basal condition. When basal determinations were impossible as in the case of the deterninations on subjects 1 and 2, the control experiments were made at the same hour of the day and under the same conditions as the experiments after the injection. Such determinations were always made some hours after the ingestion of a very light meal, under which conditions as has been demonstrated (10), the value of the cardiac output is essentially that of the basal condition.
DISCUSSION
Inspection of table 1 and figure 1 shows the marked increases in the pulse rate which follow the injection of typhoid vaccine This increase in pulse rate was found to follow the subjective feelings of malaise and the pyrexia. Since the cardiac output, as stated above, did not follow the malaise and pyrexia except during the early period 'Further evidence for this is furnished by the demonstration (11) of the possibility of predicting the cardiac output of normal individuals in the truly basal condition. As has been previously demonstrated (11) one can judge, from a single determination of the cardiac output, the degree of its abnormality.
of the reaction, it is evident that there is a marked variation in the output per beat of the heart. During the early period of the reaction, there was, in general, a marked increase in the output per beat but at the height of the malaise, this increase was diminished.
In general the blood pressure, after the injection of typhoid vaccine, shows only a moderate degree of variation from the normal. There was, except in subject 5, a rise in the systolic pressure and usually a slight rise in the diastolic pressure, although the latter was at times diminished.
The degree of pyrexia followed closely the subjective symptoms. The increase in oxygen consumption, in turn, was proportional to the degree of pyrexia, as noted by Du Bois and his collaborators (7, 8) .
The observed changes in cardiac output can be explained as resulting either from a direct stimulation of the heart or as a secondary effect of the increased metabolism. The relatively slight changes in the arterio-venous oxygen differences would support the view that the second of these factors is responsible for the cardiac changes. Hence, the increased cardiac outputs following the injection of typhoid vaccine are to be considered as an attempt on the part of the organism to maintain a constant internal environment, in so far as the oxygen utilization of the tissues is concerned. At the height of the malaise, the relative decrease in the cardiac output may be related, in part at least, to the decrease in the volume of blood flowing through the periphery (9) . This decrease in the size of the peripheral vascular bed, would result in a great increase in the blood pressure were the latter not avoided by a diminution in the cardiac output.
Bjerlow and Liljestrand (12) found, in four cases of experimentally induced recurrent fever, an increase in the cardiac output proportional to the increased oxygen consumption encountered during the fever. This is in accord with the present findings during the early stages of fever. These authors failed to note, however, the failure of the cardiac output to follow the changes in oxygen consumption during the later stages of fever, as shown in the present work. Due to the protracted nature of the fevers encountered clinically, this latter state of affairs is probably of greater practical significance than the changes occurring during the very early stages of fever. A study was made of the cardiac output, pulse rate, blood pressure, temperature, and oxygen consumption of 8 individuals after the intramuscular injection of typhoid vaccine. The cardiac output was found to be greatly elevated soon after the injection but did not follow the malaise and pyrexia throughout the course of the reaction. At the height of the malaise the cardiac output, although still elevated above the normal, was nevertheless less than it was during the preceding period. The pulse rate and oxygen consumption varied uniformly with the degree of malaise and the pyrexia. The physiological implications of these results are discussed.
